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All simulations were performed with the program Gromacs-5.0.7, and periodic conditions were applied. The pressure was balanced with standard atmospheric pressure by the Berendsen method, and the temperature was maintained at 300 K by velocity rescaling. The particle mesh Ewald (PME) method was used to calculate the electrostatic interactions, and the cut-off radius for both electrostatic and van der Waals interactions was set to 14 Å. All bonds involved in the system were constrained with the LINCS algorithm, and a time step of 2.0 fs was used.
The force field was selected scrupulously from a series, and eventually Parmbsc1 was selected for use in all the simulations, since it performed perfectly in the DNA atomistic simulations (1) . The general form of the molecular force field is:
where r i0 , θ i0 stands for standard values of bond length and angle; k b , k θ stands for elastic coefficient of harmonic potential energy; n stands for the rotation period of the dihedral angle; δ stands for the phase; V n k χ stands for the height of the barrier; ε ij stands for the depth of the potential well of the interaction between atom i and j; σ ij stands for the distance between two atoms when the potential energy of van der Waals is minimum; q i q j stands for the charge of atom i and j respectively; and r ij stands for the distance between atom i and j.
The parameterization processes of the force field Parmbsc1 uses a Monte Carlo method to avoid changes in other torsional parameters. It efficiently maintains the force field by fitting the QM-MM difference or residual energy to a Fourier series in the third order (2) . It can be represented as follows: S19 Supplementary Table S1 .
Evolution of the hairpin based on Dirks and Pierce's design
The underlined bases at the end constituted the exposed toehold, and the blue ones at the middle constituted the sequestered toehold. The red value is the free energy of the leakage sequence. I is the initiator sequence. S20 Supplementary Table S2 . Evolution of the hairpin based on reversed stem
The stem regions of DNA hairpins based on Dirks and Pierce's original design were reversed.
The underlined bases at the end constituted the exposed toehold, and the blue ones at the middle constituted the sequestered toehold. The red value is the free energy of the leakage sequence. I-b is the initiator sequence. S21 Supplementary Table S3 .
Evolution of the other hairpin based on Dirks and Pierce's
The other hairpin based on Dirks and Pierce's were designed. The underlined bases at the end constituted the exposed toehold, and the blue ones at the middle constituted the sequestered toehold. The red value is the free energy of the leakage sequence. 
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The DNA Hairpin sequences based on changed toehold were designed. The underlined bases at the end constituted the exposed toehold, and the blue ones at the middle constituted the sequestered toehold. The red value is the free energy of the leakage sequence. I-18a is the corresponding DNA sequence of hsa-miR-18a-5p. I-181a is the corresponding DNA sequence of hsa-miR-181a-5p. 
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The underlined bases at the end constituted the exposed toehold, and the blue ones at the middle constituted the sequestered toehold. Inserting bases were highlighted in red. Supplementary Table S8. The underlined bases at the end constituted the exposed toehold, and the blue ones at the middle constituted the sequestered toehold.
S33 Supplementary Table S9 . DNA Fairpin for detection of miRNA family
The underlined bases at the middle were the loop as the sequestered toehold and those at the end constituted the exposed toehold. Added bases were highlighted in red. 
